Summary. There was no difference in frequency of maturation of oocytes obtained from mice hypophysectomized for 2 weeks compared to those from sham-operated or untreated (control) animals of the same age. By 7 weeks, and also at 12 and 17 weeks, the incidence of polar body formation in vitro was significantly reduced. The number of oocytes which remained meiotically inactive in culture was increased at 7, 12 and 17 weeks after hypophysectomy. This decrease in spontaneous oocyte maturation in vitro could be partly overcome by administering exogenous PMSG, oestradiol-17\g=b\ or PMSG + oestradiol-17\g=b\, but not progesterone or hCG, to hypophysectomized mice.
Introduction
The capacity of mammalian oocytes for spontaneous maturation in vitro is positively correlated with the degree of oocyte growth in hamsters (Iwamatsu & Yanagimachi, 1975) , mice (Sorensen & Wassarman, 1976) Smith, unpublished results) . We are interested in determining whether there are factors, e.g. the endocrine status of an animal, which can affect the potential of mammalian oocytes to resume meiosis after they have become fully grown in the pre-or early-antral follicle. It has been reported that the oocytes of pigs (Hunter, Cook & Baker, 1976) and rhesus monkeys (Smith, Conaway & Kerber, 1978) show the greatest incidence of maturation when obtained from animals with high levels of circulating oestrogens. If high rates of maturation can be correlated with sex steroid secretion, then ovaries less active in steroid secretion, e.g. as a result of hypophysectomy, might be expected to yield oocytes with a decreased capacity for maturation. We have tested this hypothesis in hypophysectomized mice.
Materials and Methods

Animals
Swiss albino (CD-I) mice, 21-23 days of age, were obtained from Charles River Breeding Laboratories, Inc. (Wilmington, Massachusetts) . For each experiment, a shipment of 40 or more mice was randomly distributed into 3 groups: control (no treatment), those for hypophysectomy and those to be sham-operated. Hypophysectomy was carried out with tribromoethanol (Avertin) anaesthesia on Days 23-27 after birth and before vaginal opening. The parapharyngeal approach described by Zarrow, Yochim & McCarthy (1964) 
Culture procedures
Ovaries of 2-4 animals in a treatment group were pooled in an embryological watch glass containing 2-5 ml culture medium under 2-0 ml paraffin oil (Fisher, light-weight) . The medium used was the standard medium for mouse ovum culture described by Biggers, Whitten & Whittingham (1971) (Brinster, 1963 (Rafferty, 1970) given as a combination of the doses and injection schedules used in (1) and (2) above. (4) hCG (Sigma), 0-7 i.u./week in 0-4 ml 0-9% NaCl, was given as 3 i.p. injections/week for 6 weeks. (5) Progesterone (Sigma), 0-4 mg/week in 0-2 ml sesame oil, was given as 3 s.c. injections/week for 6 weeks. (6) 0-9% (w/v) NaCl was given as 0-4 ml/week in 3 i.p. injections/week for 3 weeks. (7) Sesame oil, 0-2 ml/week, was given as 3 i.p. injections/week for 3 weeks. (8) 0-9% NaCl + sesame oil were given as a combination of the doses and injection schedules in (7) and (8) above. (93) 360 (93) 218 (75) 272 (81) 248 (81) 247 (78) 573 (88) 460 (90) 278 (68) 391 (92) 329 (92) 194 (70) 347 (89) 338 (94) 148 (68) 58 (17) 57 (19) 64 (20) 69 (11) 43 (8) 102 (25) 21 (5) 27 (7) 69 (25) 34 (9) 20 (6) 58 (27) 6(2) 0(0) 4(1) 13 (3) 11 (2) 28 (7) 11 (3) 3 (1) 14 (5) 7(2) 2«1) 12 (5) Maxwell (1961) , and partitioned according to Maxwell (1961) or by Kimball's formulae (Everitt, 1977) . The significance of differences between mean oocyte diameters of the three treatment groups within each time interval was determined by Student's t test.
Results
Oocyte maturation Table 1 shows that, at 2 weeks after surgery, there was no effect of hypophysectomy on mouse oocyte maturation or degeneration in vitro and no difference between sham-operated and control animals. However, by 7 weeks significantly fewer oocytes from hypophysectomized than from control or sham-operated animals extruded polar bodies. Of those which did not complete maturation, the majority resumed meiosis. There were also significantly more oocytes from hypophysectomized mice in the meiotically inactive (gv) group. In addition, significantly greater numbers of oocytes from hypophysectomized mice degenerated during the culture period. Similar results were obtained at 12 and 17 weeks after hypophysectomy. Table 2 shows that there were no significant differences in diameter of cultured oocytes be¬ tween control and hypophysectomized mice at 2, 7 and 12 weeks after surgery. Table 3 shows that the reduction in maturation by hypophysectomy could be partly overcome by the administration of PMSG, oestradiol-17ß or PMSG + oestradiol. However, maturation was not returned to intact control levels by these treatments and there was no synergistic effect when PMSG was injected in conjunction with oestradiol. Since there were no significant differences in the numbers of oocytes resuming meiosis (at the gvbd stage) between The morphological features of the ovaries of the hypophysectomized mice in the present study closely resemble those described by previous workers (Smith, 1930; Dempsey, 1937; deWit, 1953; Perry & Rowlands, 1963; Mauleon, 1969; Merk, Botticelli & Albright, 1972) . The multilaminar follicles appear to be the product of new follicular growth in spite of the absence of gonadotrophins (Nakano, Mizuno, Katayama & Tojo, 1975) as well as the result of a decreased rate of atresia (Jones & Krohn, 1961) . Whether this preantral granulosa development is physiologically normal is not known although ovaries from mice hypophysectomized for at least 300 days were able to develop antra, ovulate and support pregnancy when orthotopically grafted into females with normal cyclic pituitary function (Jones & Krohn, 1961) .
In young animals there is conflicting evidence regarding the necessity of gonadotrophins for the early stages of follicular growth (Price & Ortiz, 1944; Ben-Or, 1963; Eshkol & Lunenfeld, 1971/72; Baker & Neal, 1973; Peters, Byskov, Lintern-Moore, Faber & Anderson, 1973; Challoner, 1975; Purandare, Munshi & Rao, 1976; Lintern-Moore, 1977) . Regardless of the necessity of gonadotrophins to initiate follicular growth in young animals, there is considerable evidence to suggest that either gonadotrophins or oestrogen must be present to ensure the normal morphological appearance of the growing granulosa cells. In juvenile mice, for example, adminis¬ tration of antisera to gonadotrophins interferes with follicular vascularization, produces morpho¬ logical changes in theca and granulosa and alters the relationships between follicle cells in growing follicles, all of which can be corrected by administration of gonadotrophins (Eshkol, Lunenfeld & Peters, 1970; Eshkol & Lunenfeld, 1971/72; Hardy, Danon, Eshkol & Lunenfeld, 1974) . In hypophysectomized rats, the incidence of granulosa cell nexuses is reduced and can be increased by oestrogen administration (Merk et al., 1972 (Pencharz, 1940; Williams, 1944; deWit, 1953; Goldenberg, Vaitukaitis & Ross, 1972; Harman, Louvet & Ross, 1975; Nakano et al, 1977) when oestrogens were administered shortly after hypophysectomy. In the present experiments, the doses of oestradiol and PMSG administered were low and it is not known whether the full potential for spontaneous oocyte maturation would have been restored if enough oestrogen had been given to stimulate granulosa cell proliferation or enough PMSG to cause antrum formation (see Richards, 1978 , for a review). Since oestradiol, PMSG and PMSG + oestradiol but not progesterone or hCG, partly restored the potential for spontaneous maturation, it can be suggested that the presence of oestrogen in the follicular environment is important for fully grown oocytes to be able to mature spontaneously in vitro. In the present experiments, however, we have not examined any effect that pituitary hormones other than gonadotrophins might have had in restoring maturation potential.
The suggestion that oestrogens in the environment of the oocyte might be important for development of full maturation potential is in contrast to the hypothesis of Erickson & Sorensen (1974) and Erickson & Ryan (1976) who considered that the capacity of granulosa cells to secrete progesterone was critical for development of full oocyte maturation potential. The involvement of oestrogen in the competence of fully grown oocytes to mature has been suggested previously. Hunter et al (1976) found that ovulation could be induced in non-oestrous pigs by injection of hCG on Day 17 of the cycle but that oocytes did not resume meiosis unless ovulated by an oestrous female. Smith et al. (1978) showed that maturation in vitro was greatest when oocytes were obtained from monkeys which showed evidence of oestrogen secretion (reddening of the sex skin and/or oedema of the perineal region). Moor (1978) has reported that inclusion of oestradiol in the culture medium increased the number of sheep intrafollicular oocytes developing to metaphase II after gonadotrophin stimulation compared with the maturation frequency obtained with FSH or LH alone.
How an oestrogen-dominated follicular environment might affect nuclear maturation is not known but some insight may be gained from the work of Lintern-Moore, Moore & Pantelouris (1976) who found that athymic "nude" mice have ovarian follicles with a contracted appearance closely resembling those of normal mice treated with anti-gonadotrophin (Hardy et al, 1974) and while oocyte growth appeared normal, oocyte nucleoli were reduced in size. Follicular growth was restored by PMSG injection. PMSG also increased oocyte nucleolar size and it was suggested that it could affect oogénesis at the molecular level by stimulating nucleolar RNA synthesis (Lintern-Moore et al, 1976) . It is also possible that PMSG stimulated follicle cells to secrete oestrogen (see Richards, 1978) which in turn was responsible for restoring normal granulosa cell connections with each other and with the oocyte (Merk et al, 1972) . It is possible that the communication between granulosa cells and between the granulosa and oocyte via the desmosomes and gap junctions present in mouse follicles with two or more layers of follicle cells (Anderson, 1971 ) is necessary before fully grown oocytes can resume and/or complete nuclear maturation before ovulation.
We are unable to agree with the conclusion of Eppig (1977) and Thibault (1977) that hormones are not involved in mammalian oocyte nuclear maturation. The results of Eppig (1977) Table 1 presented by Eppig, 1977) . We suggest that the follicular endocrine environment before the ovulatory LH surge may be important in regulating the potential of the fully grown oocyte for nuclear maturation, just as the follicular environment after the LH surge is important in stimulating the cytoplasmic and membrane maturation necessary for fertilization and post-fertilization development (reviewed by Thibault, 1977 ; see also Trounson, Willadsen & Rowson, 1977;  Warnes, Moor & Johnson, 1977) .
